m e d i c i n a 5 1 ( 2 0 1 5 ) 2 7 2 -2 7 9 a r t i c l e i n f o Methods: A cohort of 41 SpA patients were followed up for 4 years. Disease activity indices, spinal mobility and laboratory tests, BMD using were monitored at the baseline and 4-year follow-up. The 4% BMD loss at either of the proximal femurs was defined as significant. Peer review under the responsibility of the Lithuanian University of the Health Sciences.
Introduction
Spondyloarthropathies (SpA) include a group of chronic inflammatory diseases, of which the main ones are ankylosing spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis (ReA) and enteropathic arthropathies (EnA). These disorders share several clinical features, such as inflammation of the axial joints and skeleton, asymmetric oligoarthritis and enthesitis. Syndesmophyte formation and bone erosions are hallmarks of SpA skeletal complications. However, while accounting for a significant proportion of SpA-related disability, the loss of bone mineral density (BMD) is commonly ignored [1, 2] . The reported prevalence of BMD loss among SpA patients varies between 19% and 62%, while its onset during the first decade of the disease is common [3, 4] . In overall, SpA patients demonstrate a significantly lower proximal femur and lumbar BMD than the control group and BMD loss becomes more prominent with the increasing length of the disease [5, 6] . The resultant osteopenia or osteoporosis often leads to pathological fractures, limiting the quality of life in SpA patients [3, [6] [7] [8] . Therefore the early identification and management of the SpA patients who are at risk of BMD loss could offer a treatment advantage.
A dual energy X-ray absorptiometry (DXA) scan is a gold standard for BMD assessment [9] . However, regular DXA scanbased SpA patient screening for BMD loss remains a contentious subject. Lateral lumbar and femoral DXA scans have been shown to be superior to traditional PA lumbar DXA scan, which is susceptible to syndesmophyte interference [6] . Yet lateral and femoral DXA measurements have not been validated for BMD measurement in SpA patients outside the research setting. Secondly, many SpA patients do not undergo BMD loss and can have stable BMD for decades [10] . Therefore, routine DXA scans are unnecessary for certain SpA patient populations and, in this way, provide an opportunity to reduce health care expenditures. Since DXA scanners are not available in many resource-restricted hospitals, cheap and accurate surrogate markers of BMD loss would allow for better SpA patient care in these settings.
Previously the challenge to identify SpA factors associated with BMD loss has been predominantly addressed by cross-sectional studies [8, [11] [12] [13] [14] . In addition, several longitudinal studies have investigated the relationship between BMD and bone turnover factors [15, 16] . However, to the best of our knowledge, this is one of the few longitudinal studies evaluating the relationship between routine laboratory tests, disease activity indices and spinal mobility tests and BMD loss in SpA patients. We followed up SpA patients for 4 years to identify the surrogate markers of the BMD loss and baseline factors associated with BMD loss at follow-up.
Methods

Study population and subject selection
The study enrolled 41 SpA patients from the Centre of Rheumatology, Vilnius University, who were seen between 2008 and 2012. The inclusion criteria were age (between 20 and 75 years) and fulfilment of the European Spondyloarthropathy Study Group criteria for the classification of SpA [17] . Patients with kidney, liver, thyroid, parathyroid, oncological or other diseases, which can affect calcium and bone metabolism, were excluded. Other exclusion criteria were pregnancy, being a vegetarian, alcohol abuse, taking anticonvulsants, insulin, thyroxin, anticoagulants, hormonal replacement therapy, vitamin D supplements, bisphosphonates and other compounds that interfere with bone metabolism [18] . Patients taking disease-modifying anti-rheumatic drugs, non-steroidal anti-inflammatory drugs, corticosteroids, disease modifying drugs, such as sulphasalazine, methotrexate or tumor necrosis factor a inhibitors (anti-TNFa) were included.
Ethics and consent
All study participants signed an informed consent form approved by the Lithuanian Bioethics Committee (N8 60, 2006-12-22).
Data collection
At baseline and follow-up visits all patients provided a complete medical history and underwent clinical examination by a rheumatologist. Anthropometric and spinal mobility measurements were recorded. Disease activity scores, laboratory investigations and a DXA scan were also performed during both visits. Clinical assessment included collection of demographic and clinical data (age, gender, age of menarche and menopause for women, smoking and alcohol consumption, history of bone fractures, co-existing diseases, medications and dietary supplements, pain [VAS score] and general health assessment). The type of spondyloarthropathy was determined using the European Spondyloarthropathy Study Group criteria for the classification of SpA [17] . Medical records were reviewed to find evidence of previous or current treatment with anti-TNFa and to quantify the duration and cumulative dose of glucocorticoid (GC) treatment. The body mass index (BMI) (kg/m 2 ) and performance in spinal mobility tests, including lumbar side flexion [19] , modified Schober's test [20] , tragus to wall distance and intermalleolar distance [21, 22] were obtained for every patient. The best result of two attempts for each functional test was recorded. Disease activity was evaluated by physician's assessment of global disease activity (PAGDA) score (1 -inactive disease, 2 -low activity, 3 -moderate activity, 4 -high activity) [23] . In addition, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (0-10) [24] , Bath Ankylosing Spondylitis Functional Index (BASFI) (0-10) [25] and Health Assessment Questionnaire Modified for Spondyloarthropathies (HAQ-S) (0-3) [26] scores were collected. All patients were examined by the same researcher (L.V.).
Conclusion
2.4.
DXA scans BMD of both proximal femurs was measured at baseline and after 4 years using the dual-energy X-ray absorptiometry (Lexxos -DMS osteodensitometer ® , France) and was expressed as total femoral BMD (g/cm 2 ). While the anterior-posterior lumbar DXA test has adequate sensitivity for assessing the BMD changes in early SpA, the scan gives paradoxically high BMD values in the setting of more severe disease when syndesmophyte formation, ligament and vertebral disc calcifications occur [5, 6, 27] . In this study we measured the BMD of proximal femur as these BMD values were shown to correlate with the risk of vertebral fractures, but are not influenced by syndesmophyte formation [28] . As we previously demonstrated that lumbar spine and proximal femur BMD changes are similar across all types of spondyloarthropathies, the same BMD assessment was valid for AS, PsA, EnA and ReA patients [5] .
The short-term precision for proximal femur BMD measurements had a coefficient of variation (CV) of 1.4% (assessment performed by the researcher L.V). The least significant change (LSC) in BMD, which can be recognized with 95% confidence, is calculated: 2.77 Â CV [29] . If the measured BMD change equals or exceeds the LSC, one is reasonably confident that the true bone loss or gain in the patients has actually occurred. Using our DXA scanner the LSC in proximal femur BMD was 2.77 Â 1.4% = 3.88%. Therefore a significant decrease in BMD was defined as a 4% BMD decrease in either of the proximal femurs.
Statistical analysis
Statistical analysis was carried out using the SPSS v17.0 (IBM, Armonk, NY, USA) software. Data were presented as mean AE SD or as number (%), unless specified otherwise. Normality of variables was measured using Shapiro-Wilk test, skewness and kurtosis. It was assumed that both baseline and follow-up distributions of VAS score, BASDAI, BASFI, ESR and CRP were not normal, thus comparison between groups for these variables was conducted using Mann-Whitney U test. Other variables were compared using a Student t-test, while paired t-test was used for comparing the follow-up and baseline BMD data. 2 Â 2 contingency tables were designed for categorical variables and all non-parametric data was analyzed using Fisher exact test. Multiple binary logistic regression analysis (forward Wald) was used to assess, which baseline factors are independently associated with BMD loss. To estimate the cutoff values, sensitivity and specificity of surrogate markers of BMD loss, empirical ROC curve analysis was performed (95% CI). The level of significance was set at p < 0.05. The BMD dynamics were measured in 2008 and repeatedly in 2012 in 41 patients (83% males) who met the inclusion criteria. More than half (51%) of patients had AS, 27% had PsA, 10% had EnA and 12% had ReA. At baseline the average age of all participants was 40.9 AE 10.5 years, while the average duration of the disease since diagnosis was 62.2 AE 63.5 months.
Over the 48 months 11 (27%) patients had BMD loss in either of the femurs. The prevalence of males in BMD loss and stable/ increased BMD groups was not significantly different (73% vs 87%, p = 0.27). The age of patients with BMD loss and stable/ increased BMD was similar at baseline The SpA patients with either deteriorated or increased/ stable BMD were compared in terms of baseline and follow-up demographic and clinical data (Table 1) . Since only the decrease of BMD is a worrying feature in SpA patients, patients with either increased or stable BMD were grouped together (N = 30). None of the baseline variables that could affect BMD, such as disease duration, gender, patient age, BMI or inflammatory markers were statistically different between those two groups. In addition, there were no differences between different SpA types according BMD loss ( p = 0.101). None of the disease activity and severity markers, such as BASDAI, BASFI, HAQ-S or visual analogue scale (VAS) pain rating, were different between the above-mentioned groups at the baseline.
At 4 year follow-up SpA patients with BMD loss demonstrated worse average BASDAI score than SpA patients with stable/ raised BMD (6.28 vs 4.71, p = 0.016). BMD loss was also associated with significantly raised inflammatory marker readings: ESR (36.82 vs 21.52, p = 0.010) and CRP (32.90 vs 10.01, p = 0.003). It is interesting to note that patients who underwent BMD loss during the 4-year period had a significantly higher baseline BMD than the stable group ( p < 0.001) and exhibited a similar proximal femur BMD at 4-year follow-up.
There were no differences between the two groups in the duration and cumulative dose of GC treatment at both time points. At recruitment only 22% (9/41) of the whole cohort had been treated with anti-TNFa, while, by follow-up, 46% (19/41) had received this therapy. None of the 9 patients with a history of anti-TNFa treatment at baseline lost BMD over the next 4 years. At follow-up, 18/19 (94.7%) patients who received antiTNFa therapy had stable or increased BMD (the mean antiTNFa treatment duration was 72.7 AE 11.3 months). However, 10 patients from 22 not treated with anti-TNFa, lost BMD. The BMD loss rate of these patients was significantly higher than in the group treated with anti-TNFa (45.5% vs 5.3%; p = 0.004). 
Nineteen patients with positive anti-TNFa treatment status had, on average, 5.6% higher BMD at 4-year follow-up than at the baseline.
Similar results in spinal mobility tests were observed in both groups at baseline and follow-up. While most of the patients maintained stable spinal mobility readings, some had improved or deteriorated results at 4-year follow-up. The deterioration in lateral flexion and intermalleolar distance readings over the 4-year period was associated with BMD loss (Table 2) . On the other hand, patients with stable or improved intermalleolar distance (NPV = 0.87) or lateral flexion (NPV = 0.88) were unlikely to have decreased BMD (Table 3) . Deterioration of the PAGDA Table 4 ). At follow-up CRP and ESR readings above the cut-off values determined by ROC curves could pick out around 90% of patients with BMD loss ( Table 4 ). Variables that had a statistically significant association with BMD loss were entered into a logistic regression analysis (forward Wald). Increased/stable BMD and BMD loss (>4% proximal femur BMD decrease) were set as a binary outcome. The analysis revealed that follow-up CRP (b = 0.14, p = 0.025) and initial proximal femur BMD (b = 13.88, p = 0.011) were two factors independently associated with BMD loss. In combination the knowledge of CRP levels at follow-up and initial proximal femur BMD allowed correct patient assignment into BMD loss or stable/ improved BMD groups with 85.4% accuracy (Nagelkerke R 2 = 0.676).
Discussion
At present there is little evidence to support regular SpA patient screening for BMD loss [3] . It seems that costly routine DXA scanning of SpA patients would only benefit a small proportion of them. On the other hand, failing to identify BMD loss results in pathological fractures that often lead to significant morbidity. Therefore, indicators of probable BMD loss in SpA patients are needed by clinicians to build an optimal patient surveillance strategy. Our study analyzed the value of disease activity, functional and laboratory tests as surrogate markers of the BMD loss in SpA patients. We found that anti-TNFa treatment status, baseline BMD value, results of the spine mobility tests, PAGDA score and standard inflammatory markers can provide surrogate information about the BMD status during the follow-up visit. BMD loss is a well-described feature in SpA patients [2, 30] . Both disease duration and patient's age contribute to bone density changes. A recent systematic review reported a femoral BMD loss in 51% of AS patients within the first 10 years of diagnosis [4] . However, in our previous study, we demonstrated that the time of onset of clinical symptoms was a better predictor of BMD change rather than the time when the SpA diagnosis was given. Taking into account the effect of syndesmophyte formation on lumbar DXA readings, we concluded that with increasing disease duration upper femur BMD decreases, while spinal BMD increases [5] .
In our current study 27% of SpA patients underwent a significant BMD deterioration during the 4-year period, on average losing 7.4% of their proximal femur BMD. Interestingly, the remaining 73% of patients had an overall 4.8% BMD increase, largely accounted for by a significant BMD gain in patients treated with anti-TNFa. We also observed that the baseline BMD value was independently associated with the BMD loss at the 4-year follow-up. All of the patients undergoing femoral BMD loss had proximal femur BMD > 0.8465 g/cm 2 at the beginning of the study. However, 4 years later, the average proximal femur BMD was similar between the two patient groups. Several explanations are possible for this observation: either the study participants plateaued at stable BMD values, having undergone BMD loss earlier in the disease course, or SpA patients with higher baseline BMD were more prone to BMD loss. Unfortunately, the absence of patient BMD values at the time of diagnosis does not allow us to refine either of these hypotheses.
Several clinical trials have previously demonstrated that anti-TNFa therapy not only prevents the BMD loss, but may also stimulate the BMD increase in SpA patients [12, 31, 32] . Similarly, in our study anti-TNFa therapy was associated with increased BMD (overall 5.6% gain). The majority (95%) of the patients, treated with anti-TNFa, had either stable or increased BMD. Meanwhile, the absence of anti-TNFa therapy was associated with significantly higher BMD loss. The one patient treated with anti-TNFa, who had BMD loss, began biological therapy only two months before the follow-up and, perhaps did not have enough time for the biological therapy to have a positive effect on BMD. Furthermore, our findings suggest that the evidence of previous or on-going anti-TNFa therapy could be used to exclude the need for DXA scan (NPV = 95%). Interestingly, our study did not demonstrate any relationship between BMD loss and the use of glucocorticoids, which are commonly used for treating rheumatologic diseases and are well-established contributors to osteoporosis [2, 33, 34] . Similarly to anti-TNFa therapy, several other follow-up factors showed promise to act as reasonable surrogate markers for BMD changes [8, [10] [11] [12] [13] [14] . It is generally accepted that inflammation is responsible for the BMD loss in SpA patients. However, the predictive value of inflammatory factors in diagnosing the BMD loss in SpA patients remains elusive [8, 31] . In our study, elevated ESR and CRP levels were among the most reliable indicators of BMD loss. Indeed, wide accessibility and high sensitivity of ESR and CRP tests makes them promising screening tools, facilitating patient selection for the DXA scan. However, the accuracy of CRP/ESR tests for BMD loss decreases in the background of other pro-inflammatory conditions, thus limiting the use of these tests in the setting of underlying infection. Bone turnover proteins, such as carboxi terminal cross-linked telopeptides of type I/II collagen, osteocalcin and bone-specific alkaline phosphatase, circumvent the challenges posed by non-specific inflammation and have recently received substantial interest as potential markers of BMD loss. However, at present the exact relationship between the BMD loss and bone turnover proteins remains elusive, preventing their wider utilization in clinical practice [12, [35] [36] [37] .
We believed that non-interventional tests can be used to increase the pre-test probability for BMD loss before performing a DXA scan. In agreement with previous cross-sectional studies, we found that high disease activity, as reflected by higher BASDAI and PAGDA scores and higher serum levels of inflammatory markers, are associated with BMD loss [11] [12] [13] . Although, at the beginning of the study, the differences in BASDAI score did not correlate with BMD, at 4-year follow-up BASDAI > 4.75 indicated BMD loss (Sens. 91%, Spec. 62%). In addition, raised follow-up PAGDA score was found to be a specific marker of BMD loss (sens. 45%, spec. 97%). In our study, baseline BMD and follow-up CRP values allowed us to correctly identify BMD status in 85% of cases and deserves further investigation as a follow-up strategy.
The spine mobility tests are a simple mode of measuring the patient's functional status in SpA. Some studies reported that spine mobility tests can be associated with both radiological lumbar spine damage and vertebral fractures [8, 38] . Our earlier study showed that BMD reduction at both, lumbar spine and proximal femurs, is associated with decreased SpA patient mobility. Intermalleolar distance was found to have the greatest correlation with BMD changes in both spine and proximal femurs [39] .
In our current longitudinal study, we found that deterioration in intermalleolar distance and lateral flexion from baseline values was associated with the BMD loss. At follow-up stable or improved lateral flexion and intermalleolar distance are both reassuring findings and might be used to exclude both the BMD loss and the need for a DXA scan (NPV = 0.88 and NPV = 0.87, respectively). The results of other spinal mobility tests, including modified Schober's tests and tragus to wall distance, failed to demonstrate any association with BMD change.
There were some limitations in our study. The number of patients in the study was relatively low and larger populations would be desirable in other prospective studies. In addition, our findings are quite specific to the study population, which had a mean of 40.9 AE 10.5 years of age (at the start of the study) and was recruited on average 5 years after the SpA diagnosis. Also, during the 4-year period the BMD changes did not correlate with fractures as no osteoporotic fractures were observed in the study population. Finally, the proposed markers are only applicable for the management of bone mineral density and not for other manifestations of spondyloarthropathies, for which regular clinical surveillance may be required.
Conclusions
While a DXA scan is a gold standard for BMD estimation and might be easily accessible in wealthier countries, less-resource intensive ways to assess the BMD loss and risk of pathological fractures are also needed. Baseline BMD, anti-TNFa treatment history, PAGDA score, spinal mobility tests and disease activity indices are cheap and useful markers in predicting the BMD loss in SpA patients. Clinicians may consider these factors when assessing the fracture risk in any SpA patient.
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